ABSTRACT
INTRODUCTION
Field reports indicate that more than 20% of Vermont dairy farms experience at least one bout of mycotoxin contamination of feed annually (Gotleib, 1999) . It is reasonable to assume that other northeastern states have similar rates of contamination. Mycotoxins are toxic secondary metabolites of fungi and are universal contaminants of food and feed (Coulombe, 1993) . Contamination of silage with mycotoxin occurs when forages are incorrectly ensiled, or it can develop in the field before harvest (Seglar, 1999) . In cases of mycotoxin contamination originating from mold development in the field, off-colored, moldy forage may not be observed.
Dairy producers feeding mycotoxincontaminated feeds have experienced a 2 to 10% decrease in milk production (Gotleib, 1999) , depressed feed intake, poor reproductive performance, and false-positive antibiotic residues in bulk tank milk. If dairy producers observe moldy silages, the ideal recommendation is to not feed the forage; however, this is often impractical. Producers can consider diluting the contaminated forage with other forages to decrease the dietary concentration of mycotoxins. Many field nutritionists recommend feeding supplements that bind the mycotoxin.
The Professional Animal Scientist 27 (2011):428-434 A ctivated carbon supplementation of dairy cow diets: Effects on apparent totaltract nutrient digestibility and taste preference Activated carbon (AC), routinely used as a water purifier, has been used as a toxin binder in other applications; however, it has not been approved as a feed ingredient in the United States. Early research indicated that feeding AC at high doses (≥500 g) to cattle fed pesticide or pesticide-contaminated feed reduced the accumulation of the pesticide in fat (Wilson et al., 1971) and reduced the effectiveness of an oral insecticide (Rumsey et al., 1975) . However, when rats and cows were fed pesticide-contaminated feed and supplemented with AC after being fed the contaminated feed, no change in adipose pesticide concentration was observed (Fries et al., 1970) , suggesting that AC must be supplemented with the contaminated feed for it to be effective. There are limited studies evaluating AC with mycotoxin-contaminated forage or noncontaminated forage and its effects on digestibility and taste preference. Therefore, the objectives of this experiment were to determine the effects of AC on diet digestibility and taste preference of diets containing AC.
MATERIALS AND METHODS

Exp. 1
Six late-lactation (>200 DIM) Holstein cows (738 kg of BW) were assigned to a replicated 3 × 3 Latin square experiment. The protocol was approved by the University of New Hampshire Institutional Animal Care and Use Committee. Cows were housed in a naturally ventilated tie-stall barn, were bedded with kilndried sawdust with individual mangers, and shared water bowls. Cows were fed a single diet (Table 1) with 0, 20, or 40 g of AC (Darco S-51, pore size = 150 μm, Norit Americas Inc., Atlanta, GA) hand mixed into the diet during the p.m. feeding. Cows were fed a TMR twice daily (0400 and 1400 h) to provide 10% orts, which were removed just before the p.m. feeding.
Experimental periods lasted 21 d, with the first 11 d for diet adaptation. Cows were dosed with 10 g of Cr 2 O 3 in a gelatin capsule twice daily at 0430 and 1630 h via balling gun beginning on d 11. Feeds were sampled daily on d 15 to 19, and feed refusals were sampled on d 16 to 20. Rectal fecal grab samples were taken at 12-h intervals from d 16 to 21, staggered at 2-h intervals such that a sample was taken every 2 h in a 24-h period.
Feed and orts were composited for each period based on amounts of feed intake and amounts of orts. Fecal samples (100 g) were composited and frozen as collected. Composited samples (feeds, orts, and feces) were oven dried at 60°C (12 h for feed and orts and 48-72 h for feces; VWR Scientific, West Chester, PA) and ground through a 1-mm screen using a Wiley Mill (Thomas Scientific, Swedesboro, NJ). Dried-and-ground samples were analyzed for N, NDF, and ADF at Analab Inc. (Fulton, IL). Hemicellulose concentrations were determined as the difference between NDF and ADF concentrations. Fecal samples were analyzed for Cr by atomic absorption (Williams et al., 1962) . During each period, samples of corn silage were taken randomly over the silage pile and from the face of the pile for determination of deoxynivalenol (DON) according to the method of Trucksess et al. (1996) . Deoxynivalenol concentration was determined because it is routinely used as an indicator of the presence of mycotoxins in forage (Gotleib, 1999; Whitlow and Hagler, 1999a) . Volatile fatty acids were assayed according to Cancalon (1993) (Edmonson et al., 1989) were determined by 3 individuals during each treatment period.
Exp. 2
Three early-lactation (30 DIM), primiparous, rumen-cannulated Holstein cows (501 kg) were assigned to a 3 × 3 Latin square experiment. The cows were housed in tie-stalls and remained with the milking herd, with individual mangers, shared water bowls, and were bedded with kiln-dried sawdust. Cows were fed feeds similar to those fed to the rest of the herd. The experimental periods were the same as in Exp. 1. This protocol was approved by the University of New Hampshire Institutional Animal Care and Use Committee. Cows were fed a TMR (Table 2 ) 3 times daily (0500, 1400, and 2200 h). The treatments were the same as in Exp. 1 (0, 20, or 40 g of AC/d); however, in this study the dose was split into 2 doses, with cows receiving AC at 0730 and 1930 h via the rumen cannula. The AC was placed into gelatin capsules to allow for easy dosing into the rumen through the cannula. Cows received 10 g of Cr 2 O 3 in gelatin capsules at 1030 and 2230 h via balling gun directly into the rumen beginning on d 11. Feeds, orts, and feces were sampled, processed, and analyzed as in Exp. 1 except feeds were analyzed at Dairy One. Milk weights were obtained at each milking (0400, 1200, and 2000 h) on d 11 to 21 of each experimental period. Milk samples (a.m., noon, and p.m.) were taken on d 16 to 21 and composited based on yield at each milking. Milk samples were analyzed for protein and milk fat (Dairy One).
Exp. 3
Six early-lactation (30-46 DIM), primiparous Holstein cows (522 kg) were assigned to a sequential elimination experiment (Nombekela et al., 1994 , Erickson et al., 2004 . This experiment was approved by the University of New Hampshire Institutional Animal Care and Use Committee. The cows were housed in a pen in a free-stall barn with access to water and were provided with a cafeteria-style feeder. The feeder was 69 cm wide, 395 cm long, and 61 cm high. The feeder contained 7 containers each measuring 27 cm deep, 42 cm wide, and 56 cm long. An empty container was included on each end of the feeder to nullify border effects.
The proportions of ingredients fed during this study were different from the herd diet so as to not bias the control diet. The diet and nutrient composition are shown in Table 3 . Ingredients were fed 3 times daily at 0730, 1400, and 1930 h as a TMR to provide 10% orts. Treatments were 0, 10, 20, 40, or 80 g of AC/d. The total amount of AC was divided into 3 parts and added to the feeder at each feeding and mixed into the feeds with the same amount of feed added to each container so as to not allow any treatment to run out. Containers were randomly placed in the feeder at each feeding. The experimental period lasted 16 d, with the first 2 d for adaptation to reduce the possibility of a novelty effect. Feed and ort samples were taken every day over the 16-d experimental period and analyzed as in Exp. 1 and 2 except feeds were analyzed at Dairy One. The most preferred treatment was removed on d 8, 12, and 15. Cow preferences were analyzed by ranking the diets from most preferred to least preferred. Agreement between cows was calculated using Kendall's coefficient of concordance, W (Nombekela et al., 1994) .
RESULTS AND DISCUSSION
Exp. 1
The chemical composition of the corn silage used in Exp. 1 is shown in Table 4 . Content of DM was low, averaging 21.4% over the course of the experiment. Average contents of NDF, ADF, and CP were high for corn silage, and the presence of an elevated acetic acid concentration (3.4%) along with a low concentration of lactic acid (4.9%) are indicative of an immature and poorly eared crop. According to Mahanna (1999) , acetic acid is usually less than 2% DM in high-quality forage silages, and lactic acid should be 6 to 8% of DM in well-fermented wet silages (<35% DM). Mold and yeast concentrations were low, but the concentration of DON was elevated and ranged from 800 to 1,500 μg/kg. Drought or flood conditions can stress forage, rendering it suitable for pest infestation and mold growth. The harvested corn silage used in Exp. 1 was drought stricken and weed laden and had incomplete grain development. The resulting silage was dark in color and very odiferous. Because molds were low and yeast counts were variable, it is likely that myco- toxin production occurred preharvest. Deoxynivalenol concentration in corn silage was measured because of its routine use as an indicator of the presence of mycotoxin in forage (Gotleib, 1999; Whitlow and Hagler, 1999a) . Concentration of DON in excess of 300 to 500 μg/kg indicates the presence of other deleterious toxins (Whitlow and Hagler, 1999b The use of carbon in medicine goes back to the time of Hippocrates, when it was shown to protect animals from poisoning (Holt and Holz, 1963) . Activated charcoal refers to charcoal or carbon that has been processed in such a way that it has a large surface area, which allows for more binding sites (Holt and Holz, 1963) . Activated carbon (activated charcoal) is usually made from sawdust, fruit stones, nutshells, coke, and coal (Stoeckli and Huber, 1977) . The raw material is carbonized at temperatures of 150 to 600°C, resulting in the removal of noncarbon elements. Freed atoms of elemental carbon form sheets with very small dimensions, and tarry substances are formed. Physical activation occurs through the removal of the tarry material via steam or CO 2 activation at high temperatures.
Production and apparent total-tract nutrient digestibility data are presented in Table 5 . The addition of incremental AC to the basal diet tended (P = 0.06) to linearly increase DMI. Apparent total-tract NDF, hemicellulose, and CP digestibilities linearly increased with AC supplementation (P < 0.05). Dry matter and ADF digestibilities were not affected by AC supplementation. Body weight was similar among treatments, whereas BCS increased linearly (P = 0.05) with increasing AC supplementation. Upon evaluation of the diets with the NRC computer program (Version 1.0, 2001), the trend for increased DMI for cows supplemented with AC resulted in an increase in daily weight change of 0.6 and 0.7 kg/d for the 20 and 40 g/d AC treatments, respectively, compared with the 0 g/d AC treatment. The days to gain 1 BCS were reduced by 29 and 27 d for the 20 and 40 g/d AC treatments, respectively, when compared with the 0 g/d AC treatment. However, BCS need to be interpreted with caution because treatment periods were only 3 wk in length.
Milk yield and components except fat content were not affected by AC supplementation. Supplemental AC resulted in a quadratic decrease in milk fat content for the 20 g/d AC dose, with milk fat content increasing to control levels for the 40 g/d AC treatment (P = 0.04). Poorly fermented corn silage is odiferous and may result in poor acceptability. One function of AC is to absorb volatile gases, which may help to explain the trend for increased DMI observed in Exp. 1. However, the observed increase in DMI was coupled with an increase in apparent total-tract NDF, hemicellulose, and CP digestibility, suggesting that some modification to the gastrointestinal tract environment occurred because of the feeding of AC. Although this study did not directly measure the effects of mycotoxins on nutrient digestibility, it appears that AC may have altered their function in the gastrointestinal tract. In vitro data (Diaz et al., 2002) indicate that AC will bind approximately 100% of aflatoxin B1. However, when AC was tested in vivo, it was not effective in reducing the transference of aflatoxin into milk (aflatoxin M1) (Diaz et al., 2004) . These results suggest that AC could differ in its ability to bind specific toxins.
Exp. 2
The chemical composition of the corn silage used in Exp. 2 is shown in Table 6 . Unlike in the cows in Exp. 1, supplementation of AC did not affect DMI, DM, NDF, ADF, hemicellulose (NDF − ADF), or CP digestibilities (Table 7) . Similarly, there were no effects of AC on milk yield (36.5 kg/d, SE 1.91) and milk protein content (2.63%, SE 0.10). However, fat content (2.91%, SE 0.15) was similar across treatments unlike in Exp. 1. In this experiment, cows were fed ingredients common to the current herd diet without any observed signs of spoilage. These data along with the results from Exp. 1 suggest that supplementing cows with AC is only beneficial when poor-quality forage is fed.
Exp. 3
The chemical composition of the corn silage fed in this experiment is shown in Table 6 . The DMI of the 5 diets during the first feeding segment (5 d) are shown in Table 8 . The cows consumed the control diet at the greatest rate (5.44 kg/d per cow). Dry matter intake decreased linearly as the AC in the diet increased. This The number of days during which diets were chosen first during the first feeding segment are shown in Table 9 . The cows chose the control treatment as first preference most often during the first feeding segment (2.3 d), followed by the 10-g treatment (1.5 d). As the amount of AC added to the feed increased, there was a larger proportion of DM not consumed. As AC increased, the number of days that a treatment was chosen first decreased (Table 10 ). The cows showed agreement in their judgments of the ranks for the 5 treatments (W = 0.45). The cows agreed on the following ranking order (most preferred to least preferred): 0 g > 10 g > 20 g > 40 g > 80 g (Table 11 ).
Cows were fed ingredients similar to those fed to the whole herd; with no apparent mold, the cows did not find the AC-supplemented diets acceptable. This does not agree with the results of Exp. 1, in which cows tended to increase DMI as AC supplementation increased.
IMPLICATIONS
When cows were fed poor-quality corn silage, supplementation with 20 or 40 g of AC tended to improve intake and increased NDF, hemicellulose, and CP digestibility compared with cows not fed AC. However, when good-quality forage was fed, supplemental AC did not alter total-tract nutrient digestibility or production. In fact, when given a choice, cows do not prefer feed containing AC when wellfermented corn silage is fed. Results of this experiment indicate that AC should only be supplemented when moldy forages must be fed.
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